The potential transmission of disease by anaesthetic and ventilator breathing circuits has resulted in the widespread use of filters. Convincing scientific evidence of their complete efficacy is lacking particularly in regard to viruses. In the past, practical difficulties precluded the use of new or autoclavable equipment for successive patients, particularly if ventilators were required. These have been overcome by the development of disposable and autoclavable carbon dioxide absorbers and breathing circuits. Disposable equipment is more expensive than filters but autoclavable circuits and absorbers are of comparable cost or cheaper.
As breathing circuits are recognized as a possible source of transmission of disease between patients undergoing anaesthesia or being ventilated in an intensive care unit, filters are now widely used. However, disposable or autoclavable circuits and carbon dioxide absorbers can provide each patient with a fresh non-contaminated system and are a preferable alternative to the use of filters.
CROSS INFECTION
Attempts to culture organisms from breathing circuits are often unsuccessful. For example Ibrahim and Perceval could not demonstrate the transmission of respiratory pathogens which were deliberately seeded in breathing circuits 1 . These results conflict with those of other researchers who have demonstrated that pathogens can be transferred. Brooks found five of twenty sets of anaesthesia machine cultures positive for bacterial growth 2 . The organisms were identified as staphylococcus and pseudomonaslike organisms. Eight of eighteen ventilators (44%) were contaminated: organisms identified were Klebsiella pneumoniae, Pseudomonas aeroginosa, Xanthomonas maltophilia, Comomonas acidovirans, and Aspergillus sp. Brooks in the abstract of her presentation at the 1991 American Society of Anesthesiologists meeting concluded,
The potential for infection has been demonstrated and the presence of contamination, particularly with immuno compromised patients, is something we take very seriously . . . we know that surgical wound infections occur at a rate of about 500,000 per year (in the U.S.A.) and 57% of extra hospital days due to nosocomial infections are in surgical patients. It costs our health industry (U.S.) $4 billion to cure nosocomial infections. It would be a lot less costly to use isolated circuits. 2 Cefai et al demonstrated the transmission of acinetobacter respiratory tract infection in an intensive care unit which could be prevented by replacing resuable with disposable ventilator tubing 3
FILTERS
Filters are widely used. Gallagher et al demonstrated the elimination of bacterial cross-infection in an intensive care unit using a "Pall Ultipor" (BB50T) breathing system filter. A 1989 circular to the members of the anaesthetic department of one Australian teaching hospital advised that the use of a new filter was recommended for every case and stated, . . . it will no longer be necessary to change the anaesthetic circuits after each case, in fact it will only be necessary when they are no longer gastight. This may be monthly or even longer.
Many authors and manufacturers who claim that filters prevent the transmission of organisms have used bacterial models and by inference claim a similar efficacy for viruses. However, the prevention passage of viruses by filters is impossible to validate as many viruses, for example hepatitis C, cannot be cultured. PUBLISHED GUIDELINES As a result of public concern regarding the possible transmission of disease by breathing circuits, a number of "Policy Statements" and "Guidelines" have recently been published.
The following is a synopsis of the relevant sections:
1. THE AUSTRALIAN SOCIETY OF ANAESTHETISTS 5 (i) Disposable breathing systems must be used as far as possible with the filter placed between the absorber and circle system or else a disposable Bain system can be used. Disposable T-piece systems can be used in children.
(ii) A ventilator must be protected from the patient's respiratory system by a respiratory filter.
THE AUSTRALIAN AND NEW ZEALAND
COLLEGE OF ANAESTHETISTS 6
The Breathing Circuit
For each patient the Breathing Circuit should have been sterilized, or decontaminated and disinfected or protected by the use of appropriately positioned new filters . . .
Carbon Dioxide Absorbers
When a filter is used in the circuit as described in 3.2.3 above, sterilisation of the carbon dioxide absorber prior to every case is not necessary nor with most models is it practicable although disposable versions and models capable of being sterilised are available. The device including the unidirectional valves should be disinfected regularly.
Ventilator Circuits and Bellows
These items should be cleaned and disinfected regularly.
HEALTH AND COMMUNITY SERVICES VICTORIA 7
Section B. Prevention of Cross-Infection from Anaesthesia Breathing Equipment.
Under: Possible Sources of Patient Infection
Patients also may become infected if anaesthetic equipment is not properly cleaned and disinfected. Nowadays, most anaesthetic equipment is capable of being sterilised or is single-use and disposable. Some parts, such as the non-disposable ventilator bag, may be suitable for disinfection only.
. . . Other parts of the anaesthetic circuit, including the ventilator bag and tubing which connects it to the CO 2 absorber, could also be contaminated. There is, therefore, no part of the anaesthetic breathing system which can be guaranteed to be free of contamination after use on a patient.
Remainder of the Anaesthetic Breathing System
Filters are available to reduce or prevent the passage of pathogens. Care should be exercised in interpreting the data on their efficacy in preventing cross infection.
Under: Options for Prevention of Cross-Infection 1. Use a disposable breathing system for each patient; or 2. Change all parts of the breathing system (including the soda lime canister) after use on each patient. The equipment should be cleaned and disinfected or sterilised before re-use as appropriate for each item.
AUSTRALIAN/NEW ZEALAND STANDARD
AS/NZS 2496:1995 8 6. STERILISATION: Unless intended to be for single use only, the reusable components of the breathing system, including the absorber and valves, shall be capable of being disassembled as required for cleaning and sterilisation. The manufacturer shall recommend suitable methods for cleaning and sterilisation. The reusable components of the breathing system shall be sterilisable. Sterilisation shall be in accordance with AS 4187.
AUSTRALIAN STANDARD AS 4187-1994 9
This details the procedures for adequate sterilization of medical and surgical equipment.
DISCUSSION
It is only a matter of time before a clean uncontaminated circuit becomes a mandatory requirement demanded by every patient. Filters cannot guarantee protection, particularly in the case of viruses. The cost of an autoclavable breathing circuit (three "Smoothbore" hoses, polycarbonate Y-piece and fittings, polycarbonate KAB carbon dioxide absorber [Medical Developments Australia Pty Ltd]) is approximately A$190.00 and is guaranteed for 50 autoclave cycles but over 100 cycles are normally achieved. The cost of refilling the KAB absorber is $1.80. This represents a unit cost of approximately $3.70. This compares with an average cost of approximately $8 to $9 for a Pall breathing circuit filter or $3.50 for non-woven fibre matrix filters such as the Virobac II (King Systems Corporation).
There are a number of disposable and autoclavable breathing circuits available. Most consist of two hoses joined by a Y-piece, and a rebreathing bag with or without an extension hose. In some circuits the inspiratory hose is within the outer expiratory tube. Disposable or autoclavable KAB absorbers incorporate unidirectional inspiratory and expiratory valves and an adjustable pressure limiting valve. At the conclusion of each anaesthetic the breathing circuit and the KAB carbon dioxide absorber can be rapidly removed from the anaesthetic machine and changed.
Ventilators may pose an even greater potential for the transmission of organisms because of the difficulty (or impossibility) of sterilizing some of the components connected to the patient's airway. Most modern ventilators incorporate a "bag in bottle" arrangement which is integrally attached to a section incorporating the electronic and mechanical parts. This part of the ventilator, situated between the patient's anaesthetic circuit and the bellows, cannot be sterilized. Because of the time required, even cleaning of the bellows is not normally carried out between surgical procedures.
However, the Clare Ventilator developed at the Royal Children's Hospital Melbourne separates the electronic and mechanical sections from the "bag in bottle" arrangement; all the components in contact with the patient's breathing circuit can be rapidly removed for sterilization. The disc assembly, to which the bellows is fitted, is removed by releasing the locking lid and autoclaved in the usual manner. The bellows can be pulled off the disc assembly and autoclaved separately. Alternatively, standby autoclaved or disposable items can be used.
As disposable and autoclavable breathing and ventilator circuits, including soda lime canisters, are now available, the common practice of relying on filters to prevent the potential transmission of disease during anaesthesia or in intensive care units is no longer justifiable.
FOOTNOTE
Dr Komesaroff was involved in the design and development of the autoclavable and disposable KAB carbon dioxide absorber, manufactured by Medical Developments Australia Pty Ltd. He was also involved in the design and development of the Bag in Bottle segment of the Clare Ventilator (ProPacific Pty Ltd) in conjunction with the Department of Anaesthesia, Royal Children's Hospital, Parkville, Victoria, Australia.
